INTRODUCTION
Bacterial artificial chromosomes (BAC) array comparative genomic hybridization (aCGH) is a well-established method to detect relative DNA copy number at high resolution. The method works well when several hundred nanograms of DNA are available. This limits the usefulness of the method for small amounts of tissue samples such as needle biopsies taken from early lesions or small metastatic or invading foci. To circumvent this problem, an additional DNA amplification step may be included. However, this approach can lead to unequal genome representation during amplification, likely due to variable priming and the uneven ability of DNA polymerases to amplify certain genomic regions (1) . A method that allows aCGH profiling on whole-genome tiling arrays (2) from tissue obtained from frozen needle biopsy samples is highly desirable.
Several methodologies have been developed for DNA amplification prior to use in CGH (3) (4) (5) (6) (7) . The most widely used are degenerate oligonucleotide (DOP)-PCR (8) , strand displacement amplification (5), and ligation-mediated PCR (4). However, despite promising results, these methodologies tend to introduce bias during probe amplification. Here we show that our random priming method needs only 1 ng of DNA to determine accurate copy number measurements of the cancer genome.
MATERIALS AND METHODS

Cell Lines
All cell lines used in this study, SF767, U251, U343, and SF405, were obtained from the Tissue Bank at the Brain Tumor Research Center, University of California, San Francisco (UCSF). Cells were cultured in Minimal Essential Medium with Earle's Buffered Salt Solution (Invitrogen, Carlsbad, CA,USA) supplemented with 10% fetal calf serum and nonessential amino acids. DNA was extracted by standard phenol/ chloroform DNA methods and quantified by a NanoDrop spectrophotometer (NanoDrop Technologies, Wilmington, DE, USA) according to the manufacturer's specifications.
BAC Microarray
We used arrays of 2246 BAC clones spotted in triplicate on chromium-coated glass slides developed at UCSF for aCGH (2) . This array represents approximately 10% of the genome at an average resolution of ∼1.4 Mb; coverage varied from chromosome to chromosome. This array is reliable and there are published datasets (9) .
DNA Amplification
We added 500, 150, 10, or 1 ng of test and reference DNA obtained from male or female leukocytes to 10 μl random hexamers, 2.5× random priming mix (Invitrogen, Carlsbad, CA, USA), and dH 2 0 to a final volume of 22 μL. The mixture was denatured at 100°C for 10 min and immediately quenched on ice. Two and a half microliters of dNTP mix (2 μM final dNTP concentration) and 0.5 μL (5 U/μl) of Klenow fragment of DNA polymerase (both from Invitrogen) were added and mixed, and the mixture incubated at 37°C for 2 h. The random priming was repeated for various numbers of cycles with additional primers, adding dNTP and Klenow fragment as shown in Table 1 
Short Technical Reports
(100 μg/mL; Invitrogen), 10 μl of 20% SDS, and 35 μl of hybridization mix (15% dextran sulfate in 2× SSC and 50% formamide, pH 7.0). This was followed by a 10 min denaturation at 80°C, 1 h incubation at 37°C, and application to an array pre-blocked for 30 min with 50 μg herring sperm DNA in 5 μl dH 2 0, 10 μl 20% SDS, and 35 μl hybridization mix. Hybridizations were for 48 h at 37°C in a dark, sealed chamber on a slowly rocking stage. A 15 min wash at 45°C in 50% formamide/2× SSC, pH 7.0, was followed by 10 min at room temperature in 0.1 M Na2HPO4 with 0.1% NP40, pH 8.0, and mounting in 0.1 μM 4′,6-diamidione-2-phenylindole (DAPI) in 90% glycerol. We acquired fluorescent images with a 16-bit CCD camera with appropriate filter sets (2).
Microarray Image Analysis
The SPOT image analysis program (10) assigned pixels to foreground and background, measured data quality, and calculated relative ratio (RR) of test (cell line) DNA to normal DNA for each DNA spot. The RR was defined as the ratio between background-subtracted signal intensities in cell line (Cy3) and normal (Cy5) DNA, normalized to the median RR of the hybridization. Data was acceptable if background-subtracted intensity values were >100 for normal (Cy5) intensity and if the correlation coefficient of (Cy3/Cy5) intensity ratios among pixels within a spot was >0.9. Typically 90%-95% of spots on an array were acceptable. We required data from at least two of three replicates for each BAC, with a standard deviation (sd) ≤ 0.1. Relative ratio values were transformed into log2 space and plotted both against the mapped BAC position and as a histogram.
The raw log2 ratios were segmented into regions of estimated equal copy number using a circular binary segmentation (CBS) algorithm implemented in the Figure 1 depicts raw log2 ratios from cell line SF767 as a function of chromosome location, and fitted means from the segmentation analysis are labeled in red (A1−E1). The blue lines indicate estimated, significantly distinct levels of copy number changes for each sample. We determined how rounds of amplification affect detection of copy number changes across samples by evaluating the relationship of copy number change to the distribution of log2 ratios representing baseline. It is apparent that gain/loss and baseline values approach each other as rounds of amplifications increase. The right panels (A2−E2) are histograms of relative ratio (9) . The two peaks segregate well in A2 and B2 but they overlap progressively as the DNA undergoes repeated rounds of random priming from C2 through E2.
DNA copy package (11) in R/Bioconductor (www.bioconductor.org), followed by a merging-levels analysis (12) to homogenize the estimated segment means across the genome to derive a small number of distinct gain/loss levels. In short, the CBS method recursively splits chromosomes into either two or three subsegments based on a maximum t-statistic and its associated P value estimated by permutation. We used the option to eliminate splits when the means of adjacent segments were not sufficiently distinct (<3 sd). We also calculated the means (m) and sd of clone log2 ratios within each distinct gain/loss level, and defined a normalized score as s = (m-m 0 )/sd, where m 0 is the mean of all clones located in the "no-change" regions. The normalized score "s" quantifies how well each gain/loss level separates from the baseline (no change).
RESULTS AND DISCUSSION
Progressive sequence representation bias occurs whenever genomic DNA is amplified in vitro. With increased rounds of amplification, more and more bias accumulates, reducing the quality of the probes and compromising data quality. On the other hand, amplification enables experiments originating from small tissue samples. This work aimed to determine Figure 2 . Two rounds of random priming 1 ng and 150 ng DNA produce comparable array comparative genomic hybridization (aCGH) data quality. We made probes from 150 ng DNA from the cell lines SF767, SF405, U251, and U343 (A1−D1) and 1 ng (A2−D2). The abscissa maps bacterial artificial chromosomes (BAC) clones to their genomic position, and the ordinate measures log ratio. A3−D3 are scatter plots that compare aCGH data from the same cell line generated from 150 ng and 1 ng of starting DNA material. Note the correlation coefficients (R 2 ).
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A In general, histograms of RRs determined from aCGH hybridizations of DNA derived from genetically unstable tumor tissue display a central peak representing genomic regions of normal (that is, near 1) RR and one on each side of the central peak representing relative copy number loss or gain (9) . Our analysis suggests that clean segregation of relative DNA copy number values in the histogram is dependent on the transition between the central peak and the "gain" peak ( Figure 1) . Because of the relatively few deletions in this cell line, the "loss" peak is rudimentary.
Allergic Asthma
Additional amplification steps gradually compromise separation of the baseline and gain peaks. Table 2 shows that segment means gradually converge with increasing rounds of random priming. Figure 1 suggests that two rounds of probe amplification do not compromise aCGH sensitivity, since copy number distributions remain relatively distinct. However, a sharp deterioration of histogram integrity occurs with three rounds of amplification, and progresses thereafter. For example, when analyzed by the segmentation method, chr2p and chr3q gain fell beneath statistical significance after two rounds of amplification. Data obtained from five rounds of amplification lack vital information and several aberrations disappear.
With these results in mind, we tested four other cell lines and compared aCGH profiles from 1 ng of DNA and two rounds of random priming with 150 ng of DNA starting material treated as described previously (9) . The results were comparable-detecting all losses and gains in the cell lines (Figure 2,  A-D) . The scatter plots in Figure 2 show excellent correlations between profiles obtained from 1 ng and 150 ng of DNA. Regression analysis performed on the ratios from normal and amplified cases gave a mean correlation coefficient of 0.75. To determine how much of these variations were due to interexperimental variation, we compared two independent hybridizations with 150 ng. These had a correlation coefficient of 0.96 (data not shown). This demonstrates that even though our analysis was successful, the amplification procedure disturbs signal to some extent.
In conclusion, we describe optimal conditions for making DNA probes from 1ng of starting DNA from frozen samples. These probes yielded reproducible data comparable to those found using 150 ng of starting material (2,9).
Our results show that small amounts of DNA can be used for aCGH experiments. With this technique, together with development of whole-genome tiling arrays, it is now possible to obtain DNA copy number profiles of the whole genome from tiny amounts of tissue samples.
